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Description 

[METHOD FOR FABRICATING 
PASSIVATION LAYER] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92127267, filed October 02, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a semiconductor fabrica- 
tion process. More particularly, the present invention re- 
lates to a method of fabricating a passivation layer. 

[0004] Description of the Related Art 

[0005] | n the manufacturing of semiconductors, a large number 
of steps is carried out to form logic and memory devices 
as well as interconnects electrically connected with those 
devices on a silicon wafer. After forming the intercon- 
nects, a patterned metallic layer is frequently formed over 
the wafer to serve as electrical contacts for connecting the 



devices and interconnects with corresponding external 
devices. To protect various devices on the wafer, an addi- 
tional passivation layer is often formed over the substrate. 
In general, the passivation layer includes a silicon oxide 
layer and a silicon nitride layer. The silicon oxide layer 
mainly serves as an insulator and a stress reliever and the 
silicon nitride layer mainly serves as a barrier preventing 
the penetration of moisture. 
[0006] Conventionally, the passivation layer is formed by forming 
silicon oxide over the patterned metallic layer and then 
forming silicon nitride over the silicon oxide layer. To 
prevent the heat generated in a chemical vapor deposition 
process from affecting the interconnects and devices un- 
derneath the metallic layer, a cooler deposition process 
such as the plasma-enhanced chemical vapor deposition 
process is performed. The plasma-enhanced chemical va- 
por deposition process can be directly applied to form a 
complete silicon oxide layer. Alternatively, the plasma- 
enhanced chemical deposition process is applied to form 
a high-density silicon oxide film over the patterned 
metallic layer first and then a semi-atmospheric chemical 
vapor deposition process is performed to form a thick sil- 
icon oxide layer over the silicon oxide film. And then, a 



following plasma plasma-enhanced chemical vapor depo- 
sition is performed again. 
[0007] However, using a plasma-enhanced chemical vapor depo- 
sition process to form a silicon oxide layer often leads to 
a few problems. In the deposition process, when the reac- 
tive gases are constantly bombarded by plasma to make 
the gases ionized, the surface of the wafer is also bom- 
barded by plasma. Therefore, the metallic layer over the 
surface of the wafer or the device underneath the metallic 
layer may lead to some structural or electrical damage. 
These damages to the logic or memory devices may lead 
to short circuit or device leakage problems. In particular, 
structural damage to a memory device often leads to a 
drop in charge storage capacity and hence a shortening of 

data retention time. 
Summary of Invention 

[0008] Accordingly, at least one objective of the present inven- 
tion is to provide a method of fabricating a passivation 
layer. By using the method, the issue of having short cir- 
cuit or leakage current problems in devices due to exces- 
sive damages to the metallic layer or device structure after 
a plasma-enhanced chemical deposition process is per- 
formed to form a silicon oxide layer can be resolved. 



[0009] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of fabricating a passivation layer. First, a substrate having 
a plurality of device structures and at least an intercon- 
nect thereon are provided. A patterned metallic layer is 
formed over the interconnect. Thereafter, a plasma-en- 
hanced chemical vapor deposition process is performed to 
form a first passivation layer over the metallic layer. A 
pressure greater than the conventional process such as 
between 9 to 25 Torrs is used in the plasma-enhanced 
chemical vapor deposition process. A moisture imperme- 
able second passivation layer is formed over the first pas- 
sivation layer. In the aforementioned plasma-enhanced 
chemical vapor deposition process, a processing power 
smaller than a conventional process such as between 1 to 
600 Watts can be selected. 

[0010] Because a higher pressure is used in fabricating the first 
passivation layer, the mean free path between ions is 
shortened. In other words, the plasma bombardment abil- 
ity is reduced on average. With lesser ability, the degree of 
damage to the metallic layer and internal devices due to 
plasma bombardment is greatly reduced. Thus, the issue 



of having a large leakage current in devices and a shorter 
of data retention time in memory devices due to excessive 
damages to the metallic layer or device structure after a 
plasma-enhanced chemical deposition process is re- 
solved. 

[0011] | n addition, aside from using a higher pressure to form 
the first passivation layer, a lower processing power can 
be used to carry out the deposition so that the ability of 
the plasma bombarding the metallic layer or the device 
structures is reduced. Obviously, a higher pressure and a 
lower processing power can be used in the plasma-en- 
hanced vapor deposition process to form the first passi- 
vation layer and reduce the strength of the bombarding 
plasma on the metallic layers and the devices. In other 
words, by adjusting the parameters of the plasma-en- 
hanced chemical vapor deposition process, this invention 
is able to form a first passivation layer with less damaging 
the metallic layers or device structures on a wafer. 

[0012] This invention also provides an alternative method of fab- 
ricating a passivation layer. First, a substrate having a 
plurality of device structures and at least an interconnect 
thereon is provided. A patterned metallic layer is formed 
over the interconnect. Thereafter, a semi-atmospheric 



chemical vapor deposition process is performed to form a 
first passivation layer over the metallic layer. Finally, a 
moisture impermeable second passivation is formed over 
the first passivation layer. 

[0013] | n the aforementioned method, a semi-atmospheric 

chemical vapor deposition process instead of a plasma- 
enhanced chemical vapor deposition process is used to 
form the first passivation layer. Since there is no plasma 
bombardment in a semi-atmospheric chemical vapor de- 
position process, the metallic layers or the device struc- 
tures are no longer damaged after the deposition process. 
Furthermore, compared with the conventional method of 
performing a plasma-enhanced chemical vapor deposition 
process followed by the semi-atmospheric chemical vapor 
deposition process to form a silicon oxide passivation 
layer, the method of this invention is a lot simpler. 

[0014] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0015] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 



rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0016] pigs. 1A through 1C are schematic cross-sectional views 
showing the steps for fabricating a passivation layer ac- 
cording to one preferred embodiment of this invention. 

[0017] pigs. 2A through 2C are schematic cross-sectional views 
showing the steps for fabricating a passivation layer ac- 
cording to another preferred embodiment of this inven- 
tion. 

Detailed Description 

[0018] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0019] After forming the devices as well as interconnects electri- 
cally connected with them on a silicon wafer, a patterned 
metallic layer is formed over the top layer of the intercon- 
nects to serve as electrical contacts for connecting the de- 
vices with corresponding external devices. To protect var- 



ious devices on the wafer, a passivation layer is often 
formed over the substrate. Figs. 1A through 1C are 
schematic cross-sectional views showing the steps for 
fabricating a passivation layer according to one preferred 
embodiment of this invention. 

[0020] As shown in Fig. 1A, a substrate 100 having a plurality of 
device structures 102 and at least an interconnect thereon 
is provided. The substrate 100 is a silicon wafer and the 
device structures 102 are metal-oxide-semiconductor 
(MOS) transistors, logic devices or memory devices, for 
example. The interconnect comprises inter-metallic di- 
electric layers (IMD1 and IMD2), contact plugs (104 and 
106) and conductive lines 108. Although a two-layered 
interconnect is shown in Fig. 1A, there is no limit to the 
number of layers in the interconnection layer. 

[0021] a patterned metallic layer 110 is formed over the inter- 
metallic dielectric layer IMD2 above the substrate 100. 
The metallic layer 110 is formed, for example, by deposit- 
ing metallic material over the inter-metallic dielectric layer 
IMD2 to cover the contact plugs 106 and then performing 
photolithographic and etching process. The patterned 
metallic layer 110 is electrically connected with the con- 
tact plugs (104 and 106) and the conductive lines 108 so 



that the devices can connect electrically with external de- 
vices via the metallic layer 110. 

[0022] As shown in Fig. IB, a plasma-enhanced chemical vapor 
deposition process is performed to form a passivation 
layer 112 over the metallic layer 110. The passivation 
layer 112 is a silicon oxide layer so that the passivation 
layer can serve as an insulator. 

[0023] During the plasma-enhanced chemical vapor deposition 

process, a pressure greater than the conventional plasma- 
enhanced chemical vapor deposition process such as be- 
tween 9 to 25 Torrs are used. With a higher pressure, the 
bombardmenton the metallic layer 110 and the device 
structures 102 by plasma is mitigated when reactive gases 
are bombarded by plasma for ionizing. 

[0024] Further, a lower processing power can be used during the 
plasma-enhanced chemical vapor deposition process to 
form the passivation layer 112 so that the effect of plasma 
bombardment is reduced. For example, a processing 
power between 1 to 600 Watts may be used. 

[0025] | n an alternative embodiment of this invention, a higher 

pressure (for example, between 9 to 25 Torrs) and a lower 
processing power (for example, between 1 to 600 Watts) 
can be used in the plasma-enhanced chemical vapor de- 



position process to form the passivation layer 112. Obvi- 
ously, the bombarding plasma has the least effect on the 
metallic layers 110 and the device structures 102 with this 
arrangement. 

[0026] As shown in Fig. 1C, a moisture impermeable passivation 
layer 114 is formed over the passivation layer 112. The 
passivation layer 114 is fabricated using silicon nitride, 
for example, so that moisture in the air is prevented from 
diffusing into the substrate 100. The passivation layer 114 
is formed, for example, by performing a plasma-en- 
hanced chemical vapor deposition process or an atmo- 
spheric pressure chemical vapor deposition process. 

[0027] Note that if neighboring patterned metallic layers 110 are 
really close together, poor step coverage in the process of 
forming the passivation layer 114 may produce avoid in 
the gap between neighboring metallic layer 110. However, 
this void has very little effect on the protective function of 
the passivation layer 114. On the contrary, the air en- 
closed inside the void may increase the insulating capacity 
of the passivation layers (112 and 114) because air has a 
lower dielectric constant. 

[0028] Because a higher pressure is used in fabricating the passi- 
vation layer 112, the mean free path between ions is 



shortened. In other words, the plasma bombardment abil- 
ity is reduced on average. With lesser ability, the degree of 
damage to the metallic layers 110 and internal device 
structures 102 due to plasma bombardment is greatly re- 
duced. Thus, the issue of having a leakage current in de- 
vices and a shorter data retention time in memory devices 
due to excessive damages to the metallic layers 110 or 
device structures 102 after a plasma-enhanced chemical 
deposition process is resolved. 
[0029] | n addition, aside from using a higher pressure to form 
the passivation layer 112, a lower processing power can 
be used to carry out the deposition so that the degree of 
the plasma bombarding the metallic layers 110 or the de- 
vice structures 102 is reduced. Obviously, a higher pres- 
sure and a lower processing power can be used in the 
plasma-enhanced vapor deposition process to form the 
passivation layer 112 and reduce the strength of the 
bombarding plasma on the metallic layers 110 and the 
device structures 102. In other words, by adjusting the 
parameters of the plasma-enhanced chemical vapor de- 
position process, this invention is able to form the passi- 
vation layer 112 with less damaging the metallic layers 
110 or device structures 102 on a wafer. 



[0030] pigs. 2A through 2C are schematic cross-sectional views 
showing the steps for fabricating a passivation layer ac- 
cording to another preferred embodiment of this inven- 
tion. Similarly, the process of fabricating the passivation 
layer is carried out after forming logic and memory de- 
vices, interconnects and patterned metallic layers on a sil- 
icon wafer. First, as shown in Fig. 2A, a substrate 100 
having a plurality of device structures 102 and at least an 
interconnect thereon is provided. The substrate 100 is a 
silicon wafer and the device structures are metal-ox- 
ide-semiconductor (MOS) transistors, logic devices or 
memory devices, for example. The interconnect comprises 
inter-metallic dielectric layers (IMD1 and IMD2), contact 
plugs (104 and 106) and conductive lines 108. Although a 
two-layered interconnect is shown in Fig. 2A, there is no 
limit to the number of layers in the interconnection layer. 

[0031] a patterned metallic layer 110 is formed over the inter- 
metallic dielectric layer IMD2 above the substrate 100. 
The metallic layer 110 is formed, for example, by deposit- 
ing metallic material over the inter-metallic dielectric layer 
IMD2 to cover the contact plugs 106 and then performing 
photolithographic and etching process. The patterned 
metallic layer 110 is electrically connected with the con- 



tact plugs (104 and 106) and the conductive lines 108 so 
that the devices can connect electrically with external de- 
vices via the metallic layer 110. 

[0032] As shown in Fig. 2B, a semi-atmospheric chemical vapor 
deposition process is performed to form a passivation 
layer 116 over the metallic layer 110. The passivation 
layer 116 is, for example, a silicon oxide layer that serves 
as an insulator. The semi-atmospheric chemical vapor de- 
position process is carried out at a temperature between 
200°C to 600°C using liquid tetra-ethyl-ortho-silicate 
(TEOS) and ozone as the reactive materials. Typically, the 
flow rate of TEOS is set to a value between 500 to 3000 
seem and the flow rate of ozone is set to a value between 
5000 to 15000 seem. In addition, a pressure between 20 
to 750 Torrs is set up within the deposition chamber. 

[0033] N 0 te that using a semi-atmospheric chemical vapor depo- 
sition process instead of a plasma-enhanced chemical va- 
por deposition process to form the passivation layer 116 
eliminates all the damages associated with the process of 
bombarding and ionizing the reactive gases with a 
plasma. 

[0034] As shown in Fig. 2C, a moisture impermeable passivation 
layer 114 is formed over the passivation layer 116. The 



passivation layer 114 is fabricated using silicon nitride, 
for example, so that moisture in the air is prevented from 
diffusing into the substrate 100. The passivation layer 114 
is formed, for example, by performing a plasma-en- 
hanced chemical vapor deposition process or an atmo- 
spheric pressure chemical vapor deposition process. 

[0035] N 0 te that if neighboring patterned metallic layers 110 are 
really close together, poor step coverage in the process of 
forming the passivation layer 114 may produce avoid in 
the gap between neighboring metallic layer 110. However, 
this void has very little effect on the protective function of 
the passivation layer 114. On the contrary, the air en- 
closed inside the void may increase the insulating capacity 
of the passivation layers (116 and 114) because air has a 
lower dielectric constant. 

[0036] | n the aforementioned method, a semi-atmospheric 

chemical vapor deposition process instead of a plasma- 
enhanced chemical vapor deposition process is used to 
form the passivation layer 116. Since there is no plasma 
bombardment in a semi-atmospheric chemical vapor de- 
position process, the metallic layers 110 or the device 
structures 102 are no longer damaged after the deposi- 
tion process. Furthermore, compared with the conven- 



tional method of performing a plasma-enhanced chemical 
vapor deposition process followed by the semi-at- 
mospheric chemical vapor deposition process to form the 
passivation layer 116, the method of this invention is a lot 
simpler. 

[0037] | t w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



